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Summary of Research Conducted
In this research the fuselage of the helicopter is modeled by a three-dimensional structural dynamic finite element model, and it is combined with a flexible four (or five bladed) hingeless rotor, see Fig. 1 , at the end of this document. Each rotor blade is structurally modeled as an isotropic Euler-Bernoulli beam with coupled flap-lag-torsional dynamics assuming moderate deflections. A free wake model is incorporated into the aeroelastic response model and is validated against previous studies. Two and three-dimensional sources are used to model the fuselage aerodynamics. Direct aerodynamic influences of the rotor and wake on the fuselage are calculated by integrating pressures over the surface of the fuselage. The fuselage distorts the wake and influences the air-velocity components at the rotor, which in turn modify the aerodynamic loading. This produces fully coupled rotor/fuselage aerodynamic interactions. A schematic representation of the rotor/fuselage interactional aerodynamics is depicted in Figs. 2 and 3 .
The influence of the aerodynamic refinements on vibrations is studied in detail. Results indicates that the free wake model and the inclusion of the fuselage aerodynamic effects on the rotor and wake are required for accurate vibration prediction at all forward flight speeds. The direct influence of rotor and wake aerodynamics on the fuselage plays a minor role in vibrations. Acceleration levels with the improved aerodynamic model are significantly greater than results based on uniform inflow. The influence of vertical separation between the rotor and the fuselage on vibrations is also studied.
An ACSR algorithm is developed that preferentially reduces accelerations at selected airframe locations where vibration levels are important. Vibration reduction studies are carried out using this improved control algorithm as well as a basic control algorithm studied previously at UCLA. Both ACSR methods markedly reduce acceleration amplitudes with no impact on the rotor system or the airworthiness of the vehicle. The improved control algorithm performs significantly better than the basic control method, while maintaining equally low power requirements.
Principal Accomplishments
The results generated in this study were for a medium type helicopter having a four bladed soft-in-plane hingeless rotor, and they are indicative of trends that could also apply to other configurations. The results documented in Refs. 1-6, below are indicative of the following conclusions:
The refined aerodynamic models significantly affect the vibratory loads transferred from the rotor to the fuselage and the accelerations experienced at the various fuselage locations. The refined aerodynamic model is required for accurate vibration prediction and control at all advance ratios. Increasing the separation between the rotor and the fuselage reduced all components of fuselage vibrations, the optimal separation was approximately 20% of rotor radius. Remarkable vibration reduction through the use of ACSR is possible at all advance ratios, with acceleration levels reduced below 0.05g at all fuselage locations. Power requirements for vibration reduction are quite low, and these never exceed 1.5% of rotor power. Since the ACSR system achieves vibration reduction in the non-rotating or fixed system, it has no impact on vehicle airworthiness. The ACSR system requires high force, small displacement actuators. The weighted control algorithm with control penalty was capable of reducing accelerations at desired fuselage locations, significantly below the accelerations of the basic control scheme using similar actuator forces and power. The accelerations obtained using the weighted controller were up to 82% below the accelerations achieved with the basic controller. Fig. 1 Coupled rotor / flexible fuselage / active control dynamic system used for ACSR simulations.
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n » o » o~tr> Fig. 2 Body of revolution / fuselage comparison. Fig. 3 Schematic description of the elements combined to obtain the improved aerodynamic model that accounts for rotor/fuselage aerodynamic interaction.
